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Our recent studies of*Mn->*Cr isotope sys-
tematics (T, of *Mn is 3.7 Ma) inchondrites,
non-cumulate eucritedflars, and the Moorhave
shown the presence of radial gradient in the
abundances of radiogeniiCr in thesolar system
[1]. We have suggestethat thisgradient may be
the result of an origindieterogeneous distribution
of >Mn at different heliocentric distanced/hile
the Earthand the Moon at 1 Aldre characterized
by the same*Crf°Cr ratios (@; 1e = 1x10%,
Mars (1.51AU) exhibits aCr excess of D.2%,
and the ordinary chondrites (asteroid belt, 2-
3AU?) reveal a°Cr excess ofD.4&. Based on
the study of the eucrit€aldera,which hasequili-
brated Cr isotopef?], we assigned to the HED
parent body (HED PB) (Vesta, 2.36AU) a
CrP°Cr excess ofl.1%. As we noted in[1],
however, ifMn/Cr has fractionatedery early in
the history of theHED PB, with a bulk model
Mn/Cr ratioclose to chondriti¢3], this planetesi-
mal may actually have a much smaff@r excess.
In order to a) learn moraboutthe evolutionary
time scale of theHED PB and b) constrain further
the extent of®Mn heterogeneity within the asteroid
belt itself and, thus, taletermine whether the

genites, the cumulate eucrerra deMagé [SM],
an anomaloudhigh -Mg -REE eucritePomozdino
[POM], andthe non-cumulate eucrit®itira [IBI]
are summarized in the Figure. Thdata obtained
earlier for CalderaChervonyKut [CK], and Juvi-
nas [JUV] are also included.

In the Figure we plotted the measuré@r/°Cr
ratios forthe bulk meteorites versus their respec-
tive >>Mn/>’Cr ratios. Withthe exception of CK,
all datapoints form awell definedcorrelationline.
Because thidine represents &ulk meteorite iso-
chron itbears ndnformation on the time of crys-
tallization or cooling of individual meteorites. In-
stead, the slope of thdine represents the
*Mn/>Mn ratio atthe time of thelast Mn/Cr
fractionationin the HED mantle and corresponds
to (4.6:0.6) x 10°. The absence afcatter of the
datapoints from thdine indicatesthat the source
reservoirs of all these meteoritegere formed
contemporaneously aridatthe Mn-Cr systems of
the bulk samples of these meteoritesnained
closed since their formation. We notegwever,
thatthe closer thé°Mn/>*Cr ratio of a bulk mete-
orite falls to the chondritic valu@®.76)the smaller
becomes the time resolution. For example, material

53[\/|n_53Cr isotope System can be used as a Chl’O-With a SSMH/SZCF ratio of 2which was Separated

nometerfor different asteroid belt materials, we
have studied other constituents of tHED PB -
diogenites, cumulate and several additionah-
cumulate eucrites.

We have measuretdCr/“Cr andMn/Cr ratios
in bulk rocks, chromites, and bulk silicat&em
the diogenites JohnstowdT] and Shalka [SHA].
Similar to Caldera [CAL], bothmeteorites show
equilibrated Cr isotopic composition: within the
uncertainties (5-10 pprihe phases witklifferent
*Mn/*Cr have the sam&Cr/°Cr ratios. How-
ever, the®Cr excesses in JT).5&) and SHA
((0.3%) were found to be significantly lower than
those inCaldera. This indicatethat Mn/Cr frac-
tionation in theHED PBmantlehas occurredery
early in the history of theolarsystem andhat the
Cr excess in CAldoes obviously not represent
that ofthe bulk HED PB. The data forthe dio-

from a chondritic source (see below) 3 M#er
the other meteorites woulesult in an offset of
-0.2% from the isochron while the corresponding
offset for a®*Mn/>*Cr ratio of 0.8would only be
-0.0Ze and would go undetected. On the other
hand, the offset o€K, with its high **Mn/>*Mn
ratio of (4.3:0.4) x 10° derived from an internal
isochron, is most probably the result o$leghtly
earlier separation of its source fraitme mantle,
whereas its crystallization occurred almost con-
temporaneously with the global differentiation of
the HED PB.

The fact thatthe isochronpasse<lose to the
chondritic point(~0.5% at 0.76) suggests that the
Mn/Cr ratio ofthe HED PB isindeed close to
chondritic. To be exacthe HED PB >Cr/°Cr
ratio is[0.57% and isonly marginally higher than
that in chondrites[{0.4&) and those calculated for
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the angrite [(D.4&) and pallasite parerfbodies
(0.5 [4]). Thus,the difference in thé*Cr/~Cr
ratios and, therefore, ioriginal >*Mn abundances
among the asteroid belt objects studiedfaois
marginal, if it exists at all. Th&Mn->*Cr isotope
system, therefore, can be used asheonometer

Crf°Cr () = SSI wecalculate théime required
to evolve®Cr/°Cr in a chondritic source frome0
to 0.2& (theHED mantle®*Cr/°Cr at 4564.8 Ma)
to be[B.2 Ma.Therefore, theninimumage of the
solarsystem iS4568 Ma.This value agreewith
the upper limit for the absolute age of CAl's

for samples from within the asteroid belt. From the (4566+2.0 [6]). A similar calculation using chon-

*Mn/>Mn of (4.6:0.6) x 10° and that of
LEW86010 (LEW), (1.2%0.07) x 1¢°, we calcu-
late a relativetime of theHED PB mantle frac-
tionation of 7.@0.8 Ma before LEW. Using the
absolute age of LEW4557.80.4 Ma [5]) we

dritic **CrP%Cr of 0.4& vyields a minimumsolar
system age df4567.2.
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obtain 4564.80.9 Ma. Finally, the>Cr gradient
[1] is now alinear function of the heliocentric dis-
tance.

From the®*Mn-*°Cr isotope systematics in the
HED PB we can calculatihe lower limitfor the
age of thesolar system. Clearlythe solar system
initial >*Cr/f°Cr (SSI) cannot bdigher than the
terrestrial **Cr/°Cr. Assuming the terrestrial
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s “Mn/*Mn=(4.620.6) x 10 | | &or, o ol
= SHA e -
0.2 e(53)1 = +0.26x0.09 sources ofthe eucritesand dio-
0.0 L L L ! ! ] genites were separated from the
0 1 2 3 4 HED mantle contemporane-
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points (the Mn/Cr ratidor SM
is poorly constrained)were not

included in the calcu-lation of theest fitline. Theslope ofthe isochrordefines @*Mn/**Mn ratio of (4.60.6) x
10° at the time of mantle fractionation. Tdéference betweethe *Mn/>*Mn ratio at the time of Mn/Cr frac-
tionation in theHED mantle andsolidification of the angritd. EW86010 corresponds to a time difference of
7.0+0.8 Ma. Theabsolute Pb-Phge of LEW86010 is 455%8.4 [5]. Combining thes&Mn->*Cr andPb-Pbdata
yields a time of HED mantle fractionation of 4564 Ma.



